The paper presents results of the analysis of the volatile compounds arising from the production processes in a brewery. The investigated material comprised the unhoped brewer's wort which was taken from the fermentation tanks during the industrial process. The identification of volatile compounds was conducted with the use of Solid-Phase MicroExtraction (SPME) technique by extracting the compounds from the headspace of the brewer's wort (HS-SPME). The procedure was optimized by modifying the parameters potentially influencing the process efficiency. The analytes adsorbed on the fibers were subsequently placed in the injector of a gas chromatograph, where they were released in the course of thermal desorption. Three types of fibers were chosen for the experiments: 65 µm PDMS/DVB, 50/30 µm DVB/CAR/PDMS and 100 µm PDMS. The greatest number of peaks corresponding to compounds found in the examined material was observed on the 50/30 µm DVB/CAR/PDMS fiber while the lowest was identified on the 100 µm PDMS fiber. The detected compounds are mainly the derivatives of aliphatic, alicyclic and aromatic hydrocarbons with different functional groups e.g. carbonyl, aldehyde or ester and possessing O-heteroatom in their structure.
Introduction
Food industry, with its diversity and a great number of food processing plants, comprises a significant source of volatile compounds arising from the ongoing production processes. Among many others, the sector includes breweries which introduce a variety of VOCs, often exhibiting odorous properties, to the environment [1, 2] . Moreover, the brewery plants are often situated within large human settlements, which causes a serious nuisance. Odors are believed to cause adverse health effects such as headaches, irritation, depression states, insomnia, lack of appetite, etc.
The first step of an attempt to mitigate the emission of volatile compounds into the environment involves conducting a detailed characterization of an emission source and determining the composition of off-gases [3] . A chromatographic analysis can be used for the determination of volatile compounds from environmental samples. Chromatography enables to accurately determine the chemical composition of a mixture. Apart from a qualitative analysis, this technique also allows to identify the concentrations of substances in the examined sample. As far as aroma compounds are concerned, chromatography enables their detection at lower levels than it is possible for a human.
Prior to conducting the chromatographic analysis, it is necessary to isolate and enrich the analytes. Solid-phase microextraction (SPME) constitutes one of the most commonly used methods [4] . It was devised in the early 1990s by Pawliszyn [5, 6] and has been widely-discussed in the literature [7] [8] [9] . SPME involves a division of analytes into a gaseous phase and a solid phase in the form of thin polymer-covered quartz fiber as a sorbent. Utilizing such sorbent requires a special device, i.e. holder, in which a fiber is placed. The device resembles a syringe, with main components including a needle -used to pierce the membrane covering a vessel containing the sample -a fiber placed in the needle and a piston which enables to pull out the fiber.
The SPME process may be carried out in two ways: directly (Direct Solid Phase MicroExtraction -DSPME) or in the head space (HeadSpace SPME -HS-SPME). In the former, the fiber is introduced directly into the examined sample. This method usually yields compounds characterized by medium volatility. In the case of the latter, the fiber is placed in the head space and can be used to analyze the samples containing relatively high volatile substances. The amount of compounds sorbed by the solid-phase is expressed with the following formula:
where: n f -the amount of a compound in the solid-phase [g], K fs , K hs , K fh -distribution constants, fiber/sample, head space/sample, and fiber/head space, respectively, V f , V s , V h -volumes of: solid-phase, sample, and head space, respectively [cm ]. At present, several types of fibers are used in the SPME method. The most frequently commercially used sorbents include PDMS -polydimethylsiloxane -used for the analysis of non-polar compounds, PDMS/DVB -polydimethylsiloxane/divinylbenzeneused for compounds characterized by medium polarity, CAR/PDMScarboxen/polydimethylsiloxane -used with non-polar compounds, PA -poly(butyl acrylate) -utilized for polar compounds, CW/DVB -carbowax/divinylbenzene -also employed for polar compounds, as well as DVB/CAR/PDMS -divinylbenzene/carboxen/ polydimethylsiloxane -utilized for the analysis of a broad range of analytes. Recently, there has been a growing interest in home-made fibers [10] .
The SPME technique is characterized by numerous advantages, for instance, it does not necessitate the use of expensive, often toxic, organic solvents of adequate purity, nor does it require a time-consuming and work-intensive preparation of a sample. A lengthy analytic procedure is redundant as well. The method also enables to separate analytes characterized by varying polarity and obtained from different matrices, in solid, liquid, and gaseous phases. Moreover, it is highly-sensitive, requires samples with small volume and enables to perform analyses cheaply [11] . The process can be conducted automatically. It also allows for a rapid sample collection and is characterized by the ease of transport over great distances as well as repeatability of results [12] .
The SPME technique is constantly being developed; new fiber coatings are being devised, the devices used in the process are being automatized. SPME is frequently coupled with other instrumental methods, e.g. capillary electrophoresis (CE) [13, 14] or electronic nose (E-nose) [15, 16] . Initially, SPME fibers were only used with gas chromatography [5] . At present, the method is also employed with HPLC, especially as the hurdles stemming from dissolution of fiber coatings in organic solvent of mobile phase, swelling of coatings and changes in flow rate during desorption have been overcome [17] . Nowadays, the swelling effect of stationary phase is used for the improvement of sorption capacity of fibers [18] .
Materials and methods
The study area involved an industrial brewery located in south-eastern Poland. Unhopped brewer's wort constituted the main study material. Samples were collected directly from the process line devices, i.e. from before the brewing pot, right after a 2-hour long filtration process. SPME fibers were placed in the head space inside the vessel containing wort. The procedure was optimized by modifying the parameters potentially influencing the process efficiency, such as the fiber coating type and the duration of its exposure, as well as the temperature, sample volume, and the volume of head space in the vessel [19] [20] [21] .
The analytes adsorbed on the fiber were subsequently placed in the injector of a gas chromatograph, where they were released in the course of thermal desorption. The analyses were conducted by means of Trace Ultra gas chromatograph coupled with Polaris Q mass spectrometer -both manufactured by Thermo Electron -and the RTx-5 capillary column made by Restek, with 0.25 µm-thick stationary phase comprising 5% diphenyl/95% dimethylpolysiloxane. A mass spectrometer using electron ionization was employed as the detector. The operational conditions of the system for chromatographic analysis (Table 1) were established in line with the method proposed by Cai et al. [22] . The injector operating parameters, i.e. the proper temperature and desorption time were selected with the carry-over effect taken into account, which involves carrying the remnant of analytes present on a fiber over subsequent analysis. It was observed that 2-min long desorption time in the temperature of 250°C is sufficient even for fibers with thicker coatings. Additionally, before using, each fiber was conditioned for 30 min in the temperature of 250°C.
The selection of the proper SPME fiber coatings was made on the basis of suitability test of different kinds of fibers to determine the compounds derived from the brewer's wort.
The tested fibers as well as the characteristics of respective coatings were presented in Table 2 . The HS-SPME-GC/MS analysis has demonstrated the diversified selectivity of the tested fibers. Consequently, three types of fibers were chosen for further experiments: 65 µm PDMS/DVB, 50/30 µm DVB/CAR/PDMS and 100 µm PDMS. Due to the rich content of the examined samples, the fibers characterized by diversified types of stationary phase, and the resultant different polarity, were selected so that the proposed set of fibers could be used for marking a broad range of compounds [23] .
As part of HS-SPME optimization, conical glass Supelco vessels with the volume of 25 cm 3 were used in the study. The investigated material (in the amount of 15 cm 3 ) was subsequently placed in each vessel. The pH was marked as 5.39. The samples were heated to 60 ±0.5ºC, and left for an hour in order to establish equilibrium. Afterwards, the selected SPME fibers were placed in the vessel head space for 15 minutes. Throughout the experiment, the samples were mixed by means of an electromagnetic mixer operating at 500 rpm. Following the extraction, the fibers were secured against accidental sorption of organic compounds from the air and subjected to chromatographic analysis.
Results and discussion
The greatest number of peaks corresponding to compounds found in the examined material was observed on the 50/30 µm DVB/CAR/PDMS fiber characterized by the most complex stationary phase. In turn, higher intensities of ion current were observed on the fiber coated with 65 µm PDMS/DVB. Exemplary chromatograms of total ion current for the considered fibers, constituting a basis for identification of compounds from the brewery were presented in Figure 1 . For the sake of comparison, the chromatograms depicting fibers coated with 100 µm PDMS -characterized by the best sorption of non-polar compoundswere presented as well. However, in that case the number of peaks was the lowest.
In the case of the fiber characterized by mixed stationary phase 50/30 µm DVB/CAR/PDMS, 32 compounds of different chemical class were identified, characterized by molar masses of 59-147 g/mol and boiling temperatures of T B = 3-218ºC (the boiling temperature was not determined in a single case). A major group of the identified compounds is aliphatic. In the samples were identified: chlorinated methane derivatives (dichloromethane), branched hydrocarbons of saturated character (3-methylpentane) and unsaturated character (cis-beta-ocimene); alcohols, e.g. 3-buten-2-ol, 1-hexanol or 2,3-butanediol possessing two hydroxyl groups; ketones, such as methyl vinyl ketone and 4-methyl-2-hexanone; aldehydes, e.g. 3-methylbutanal and esters, such as ethyl acetate, allyl acetate and isoamyl acetate. Moreover, the representative of organosulfur compounds (dimethyl sulfide) and tertiary amine (trimethylamine) were identified. Several compounds present in samples are characterized by cycloaliphatic structure. They include an aldehyde derivative -4-methylcyclohex-3-enecarbaldehyde and heterocyclic hydroxyl derivative with O-heteroatom -tetrahydropyran-2-methanol. From among aromatic compounds monocyclic aromatic hydrocarbons were detected, such as benzene, o-xylene, isopropylbenzene (cumene) and a chlorinated derivative of benzene -1,2-dichlorobenzene as well as polycyclic naphthalene. In the samples were also identified: the representative of aromatic aldehydes (benzaldehyde), an aromatic-aliphatic ether (1,3-dimethoxybenzene), the derivatives of furan (2-ethylfuran and 2-pentylfuran) as well as the derivative of phenol (4-ethylphenol) . The identified compounds were presented in Table 3 . It includes the retention time of particular substances (RT), the name, CAS registry number, molar mass (M), molecular formula and boiling temperature (T B ). The lowest number of organic compounds was identified on the 100 µm PDMS fiberfive compounds characterized by molar masses of 100-212 g/mol and boiling temperatures of T B = 130-271ºC (in a single case the boiling temperature was not determined). In the samples was detected the representative of aliphatic hydrocarbons with relatively long chain (pentadecane), together with the representatives of alcohols (2-dodecen-1-ol) and aldehydes (hexanal). As was the previous case, the cycloaliphatic aldehyde derivative (4-methylcyclohex-3-enecarbaldehyde) was detected. Among aromatic compounds was identified a benzene derivative with two chlorine substituents (1,2-dichlorobenzene). The compounds identified on the 100 µm PDMS fiber were presented in Table 4 .
Utilizing fiber with the 65 µm PDMS/DVB coating in the head space of brewer's wort 27 compounds of various physicochemical properties were identified. Their molar masses range from 62 to 147 g/mol and the boiling temperatures from 38 to 218°C (in one case the boiling temperature was not determined). The set of identified compounds largely agrees with the set of compounds detected with the 50/30 µm DVB/CAR/PDMS fiber. The most numerous group is constituted by aliphatic compounds. In the samples were detected saturated hydrocarbons, e.g. 3-methylpentane and unsaturated, e.g. 2-methyl-1-heptene; compounds with alcohol functional group, such as 1-hexanol or 1-octanol; ketones, e.g. 4-methyl-2-hexanone; compounds belonging to aldehydes, such as 3-methylbutanal or 2-ethylbutanal; representatives of esters -allyl acetate and isoamyl acetate. Table 4 Identified compounds from HS-SPME-GC/MS analysis of the brewer's wort samples (100 µm PDMS) Similar to 50/30 µm DVB/CAR/PDMS fiber an organosulfur compound (dimethyl sulfide) was found. From among cycloaliphatic compounds 4-methylcyclohex-3-enecarbaldehyde was identified. Moreover, several compounds with aromatic ring were detected, such as aromatic hydrocarbons, e.g. styrene or 1,2,4-trimethylbenzene, also including the one with chlorine substituent -1,2-dichlorobenzene; furan derivatives, such as 2-pentylfuran and 4-methyl-2-propylfuran, including the one with carbonyl group -2-furylacetone; aromatic aldehydes, such as benzaldehyde and 3-ethylbenzaldehyde as well as phenol derivative -4-ethylphenol and an aromatic-aliphatic ether 1,3-dimethoxybenzene. The information on identified compounds together with retention times, CAS registry numbers, molar masses, molecular formulas and boiling temperatures is included in Table 5 .
RT
The headspace analysis of brewer's wort samples was also conducted in the temperature of 40°C. A considerable influence of the temperature of the liquid samples during the extraction on the kind of analytes adsorbed on the fiber was noticed. Generally a similar analyte profile to that obtained in 60°C was observed. However, in lower temperature a little less compounds with higher molecular masses were sorbed on the fiber [24, 25] . In the temperature of 60°C better-defined peaks were also gained, which facilitated the identification process.
Conclusions
As a result of HS-SPME-GC/MS analysis carried out on the brewer's wort 44 compounds were identified with molar masses of 59-212 g/mol and boiling temperature T B = 3-271ºC. Detected substances are mainly the derivatives of aliphatic, cycloaliphatic and aromatic hydrocarbons with several functional groups (e.g. carbonyl, aldehyde, ester) and possessing O-heteroatom in their structure.
Optimization of the parameters at the stage of isolation and enrichment of analytes as well as the optimization of the GC/MS system parameters enabled the selection of conditions that allowed to obtain chromatographic peaks of high intensity.
The greatest number of compounds was identified on the basis of the analysis of the 50/30 µm DVB/CAR/PDMS bipolar fiber coating. In contrast, the least number of compounds was detected in the analysis utilizing the 100 µm PDMS fiber. Additionally, the compounds identified with the 65 µm PDMS/DVB fiber, for which the highest intensities of ion current were observed, overlapped to the large extent with the compounds detected with the 50/30 µm DVB/CAR/PDMS fiber.
A considerable influence of the temperature of the liquid samples during the headspace extraction on the kind of analytes adsorbed on the fiber was observed. At a higher temperature a little more compounds with higher molecular masses were sorbed.
